Introduction
Isopropanol, a clear alcohol found in multiple common household products, has more than twice the potency of ethanol as a central nervous system (CNS) depressant 1, 2 and can cause significant toxicity in exposed children. The majority of cases of isopropanol poisonings have been from oral ingestions, but cases of rectal, inhalation and dermal exposure have also been reported. 1, 2, 3, 4 We present here the first report of transplacental isopropanol exposure in a newborn.
Case
A 35-year-old woman collapsed in the waiting room of the obstetrics triage center and was found to have delivered a 36-week estimated gestational age, 2340 gm female infant in her pants. The mother did not have any previous visits to our obstetrics clinic. No fetal monitoring was obtained owing to the precipitous delivery in the waiting room. The infant was initially cyanotic and hypotonic with very weak respiratory effort; Apgar scores were 2 at 1 min and 5 at 5 min. After stabilization and transfer to the intensive care nursery, an initial arterial blood gas revealed a metabolic acidosis: pH 7.1/, pCO 2 24 mm Hg, pO 2 126 mm Hg and base excess À21 mmol/l. She was treated with 2 meq/kg of sodium bicarbonate, fluid resuscitation with normal saline and antibiotics for presumed sepsis. Dopamine was initiated for persistent hypotension. In the first 2 h after delivery, the initially hypotonic infant became hypertonic. Her pupils were small and nonreactive. She developed eye blinking, lip smacking and generalized seizure activity, which was treated with phenobarbital. A head ultrasound demonstrated heterogenicity of white matter, consistent with cerebral edema. Initial laboratory evaluation was significant for elevated hepatic transaminases: alanine aminotransferase of 153 U/l and aspartate aminotransferase of 256U/l.
Upon further questioning, the mother related that she had been released from prison 1 to 2 days earlier. According to the mother, an ultrasound from within the prison system estimated the pregnancy at 36 weeks gestation, which meant that the infant's size was appropriate for gestational age. No further information regarding her prenatal course was available. The mother admitted to ingesting beer, using cocaine and possibly taking other substances during the previous 1 to 2 days since her release from incarceration. This report was later confirmed by the infant's maternal grandmother, who stated her daughter was known to use illicit substances and 'drink anything in sight,' including 'cough syrup'.
In response to mother's history of recent alcohol and drug use, a serum alcohol panel for the infant was sent, which showed an isopropanol level of 140 mg/dl at 1.5 h after delivery. No other alcohols were identified. A serum acetone level was also elevated at 16 mg/dl. A urine toxicology screen (sent after the initiation of phenobarbital) was positive for barbiturates and cocaine metabolites. Over the next 24 h, the infant's isopropanol and acetone levels fell without intervention. (Table 1 ). The mother's blood, sent in response to the infant's laboratory results at 4.5 h after delivery, showed that isopropanol was nondetectable, but acetone levels were elevated at 31 mg/dl (Table 1) .
Additional evaluation for infectious or metabolic causes of the infant's symptomatology was unremarkable. Placental pathology demonstrated an old peripheral infarction, comprising 4% of the total placental surface area, with multiple calcifications also noted diffusely. The umbilical cord was quite thin in diameter, ranging from 0.5 to 1.1 cm throughout its length. There was no evidence of placental abruption.
The infant's seizures resolved within 24 h, and her hemodynamic support was weaned. Blood culture and CSF culture were negative; antibiotics were discontinued after 7 days. A Rapid Plasma Reagin test for syphilis was positive and the infant was treated with penicillin. On the sixth postnatal day, magnetic resonance imaging diffusion weighted images showed questionable abnormal diffusion in posterior watershed regions. Gray/white differentiation was normal. During the baby's hospitalization, her tone improved. Her suck improved and she was able to feed from a bottle. She was discharged on phenobarbital at 2 weeks of age with a normal neurologic examination. Further follow-up information is not available.
Discussion
The fate and metabolism of isopropanol is detailed in Figure 1 . Isopropanol is well-absorbed through oral, dermal and inhalational routes, and readily enters the blood, with a volume of distribution (0.6 to 0.7 l/kg) similar to other alcohols.
1,2 Reported half-lives vary from 2.5 to 7 h, 1,5 with a prolonged half-life of 9.6 h being reported in one case of neonatal isopropanol poisoning. 4 The prolonged half-life in that case was hypothesized to result from a decreased rate of isopropanol metabolization in the immature liver. 4 Once in the blood, isopropanol is primarily (80%) metabolized via hepatic alcohol dehydrogenase to acetone. 3, 4, 5 Unlike other metabolites of other alcohols (ethylene glycol, methanol), the acetone does not cause acidosis and end-organ damage, but can cause additional CNS depression and a characteristic odor. 6, 7 Acetone is then eliminated primarily through the urine, but some is excreted via pulmonary and salivary routes. 1 The elimination half-life of acetone ranges from 10.8 to 31 h, but even longer half-lives have been reported in neonates. 1 Although the enzyme system responsible for acetone metabolism, CYP2E1, is suboptimal in fetal liver, it is not clear whether its activity in the neonate is of toxicologic significance. 8 The remaining 20% of the isopropanol, which is not metabolized by the liver, is primarily excreted by the kidneys. 3, 4, 5 Isopropanol intoxication in adults and older children commonly causes altered mental status and CNS depression, and in severe cases, refractory hypotension. In a review of 91 pediatric patients with isopropanol exposure, 28% percent of the children demonstrated clinical evidence of poisoning. Toxic effect included spontaneous emesis (24/26), ataxia (5/26), altered mental status (3/26) and apnea (1/26). There were no seizures reported. 2 Neonatal isopropanol toxicity has similar features including altered mental status and hypotension as described in rare case reports. 3, 9 Reported mental status changes in neonates with isopropanol toxicity have included lethargy, intermittent unresponsiveness to pain, hypotonia, sluggish pupil response and loss of gag, suck, moro and deep tendon reflexes. 3, 9 Seizures have not been reported in older pediatric and adult cases of isopropanol toxicity. Abnormal movements and seizure activity, similar to that described in our patient, however, have been reported in a 3-week-old infant with dermal exposure to isopropanol. 3 This suggests a heightened susceptibility of the neonatal CNS to isopropanol's effects. In both of the reported cases of neonatal isopropanol toxicity, the infants had dramatic improvements in their neurological status within 24 h. 3, 9 In contrast, our infant continued to have abnormalities on exam including a poor suck for several days.
Isopropanol consumption, both intentional and inadvertent, is a common phenomenon in chronic alcohol users, who may drink rubbing alcohol as a cheaper alternative to ethanol. 1 It is therefore likely that this mother consumed isopropanol in her self-reported binge before delivery. Although isopropanol was not detected in her blood, the sample was obtained 4 h after delivery when presumably it had been metabolized to acetone, the level of which was indeed elevated at 31 mg/dl. Other causes of an elevated acetone including a diabetic ketoacidoses or starvation ketoacidoses were considered. The mother, however, had no evidence of other ketoacidoses: her blood glucose was never elevated and she did not have metabolic abnormalities.
The most common route of pediatric isopropanol poisoning has been oral, but dermal routes of exposure from frequent isopropanol baths for fever reduction have also been reported. 2, 4, 5 In neonates, isopropanol intoxication has been reported from overzealous umbilical cord care. 3 In addition, a fatality was reported owing to inhalational exposure after isopropanol was inadvertently added to the humidifier of an infant's ventilator circuit. 4 There have been no reported cases of isopropanol intoxication in a neonate owing to acute transplacental transfer. However, it is well established that ethanol, as a low molecular weight lipophilic molecule, readily crosses the placenta. Similarly, isopropanol has a low molecular weight, is not highly bound to serum proteins, 1 and is lipophilic; transplacental passage is therefore not surprising.
The etiology of our patient's hypotonia, hypotension, acidosis, abnormal movements and seizures is likely multifactorial. However, the infant's elevated isopropanol and acetone levels, coupled with a clinical picture consistent with previous reports, in the context of maternal acetone levels and alcohol exposure, suggest isopropanol toxicity. The infant's isopropanol level was well over the minimum isopropanol level (50 to 100 mg/dl) reported to cause symptoms of isopropanol toxicity. 2, 3 The continued elevation of the acetone level after the isopropanol level had become undetectable can be attributed to the much longer half-life of acetone than isopropanol. The limited number of acetone and isopropanol values available in this case prevents the accurate determination of isopropanol and acetone half-lives in this infant.
Although rare, isopropanol toxicity should be considered in the differential diagnosis of CNS depression in infants with potential dermal, oral, inhalational or transplacental exposure.
